Introduction
============

Long-term exposure to cigarette smoke can induce many pulmonary diseases. Chronic obstructive pulmonary disease (COPD) is one of the most common respiratory disorders resulting from habitual smoking [@B1]. COPD is a disorder characterized by chronic inflammation, not only in the respiratory system, but in the entire body, because inflammatory mediators are thought to spillover from the lung(s) into the rest of the body [@B2]. The impact of COPD on the risk of mortality and chronic disability is serious, and preventative measures that can forestall the development of COPD are needed.

Fibrinogen is an essential protein in the clotting cascade [@B3], and the plasma level of fibrinogen can be altered by various diseases. Furthermore, evidence suggesting that fibrinogen is a regulator of inflammation in disease is increasing [@B4] and circulating fibrinogen has, in recent studies, been identified as a potential biomarker for COPD [@B5]. However, even though the plasma level of fibrinogen in patients with obstructive ventilatory disorder has been investigated, these levels have not yet been clearly determined in the patients with restrictive pulmonary disease such as pulmonary fibrosis. Intravascular coagulation is thought to be involved in the pathogenesis of idiopathic pulmonary fibrosis [@B6], and the results of experiments that use gene-targeted animal models suggest that fibrinogen is also involved in the pathogenesis of pulmonary fibrosis [@B7]-[@B9].

Thus far, only a few reports have shown a relationship between plasma fibrinogen levels and pulmonary function in a general population [@B10],[@B11]. Kalhan et al. found that a high fibrinogen level in young adults was associated with a high risk of pulmonary function loss in their middle age [@B12].

To our knowledge, the relationship between plasma fibrinogen levels and pulmonary function in Asian individuals has not yet been studied. The aim of this study was to investigate the relationship between plasma fibrinogen levels and pulmonary function in the general Japanese population.

Methods
=======

Study population
----------------

This study was part of the Molecular Epidemiological Study of the Regional Characteristics of 21st Century Centers of Excellence (COE) Program and the Global Centers of Excellence Program in Japan [@B13]-[@B19]. The Ethics Committee of Yamagata University School of Medicine approved the study, the study was conducted in accordance with the Declaration of Helsinki and all the participants gave written informed consent prior to enrollment.

Data were collected during an annual community health checkup, for which, all residents aged ≥40 years in Takahata town in northern Japan were invited. From 2004 through 2006, 3,520 men (n = 1,579) and women (n = 1,941) were enrolled in the study, and all of them underwent spirometry. We excluded the data of 263 subjects because their spirometry results did not meet the study\'s specified criteria. Finally, our final sample set comprised the data of 3,257 subjects (1,502 men; 1,755 women) for statistical analysis. Subjects used a self-report questionnaire to document their medical histories, smoking habits, current use of medications, and clinical symptoms. The lifetime consumption of cigarettes was expressed as the Brinkman index (BI; number of cigarettes per day × years of smoking) [@B16],[@B17].

Measurements
------------

Blood samples were taken from the antecubital vein of subjects who had been overnight-fasting, and the samples were immediately transferred to chilled tubes. Plasma fibrinogen was measured according to the clotting method. Study subjects were grouped in quartiles based on fibrinogen measurements.

Forced vital capacity (FVC) and forced expiratory volume in 1s (FEV~1~) were measured using standard techniques, with subjects performing FVC maneuvers on a CHESTAC-25 part II EX instrument (Chest Corp., Tokyo, Japan), according to the guidelines of the Japanese Respiratory Society (JRS) [@B20]. Data were expressed as a percentage of predicted values or as a ratio (%FVC, %FEV~1~ and FEV~1~/FVC) [@B17]. Administration of bronchodilators was not allowed prior to spirometry. For each subject, the highest value from at least 3 FVC maneuvers was used in our analysis. The results were assessed by 2 pulmonary physicians, who visually inspected the flow-volume curves and excluded subjects with inadequate data, as defined by the JRS criteria [@B20]. Subjects\' pulmonary functions were classified as follows: normal, %FVC ≥ 80% and FEV~1~/FVC ≥ 0.7; restrictive, %FVC \< 80% and FEV~1~/FVC ≥ 0.7; obstructive, %FVC ≥ 80% and FEV~1~/FVC \< 0.7; and mixed disorder, %FVC \< 80% and FEV~1~/FVC \< 0.7.

Statistical analyses
--------------------

For continuous variables, data are presented as mean (SD). For multiple comparisons, one-way analysis of variance was used, followed by the Tukey\'s test. Correlations between 2 variables were evaluated using Pearson\'s product moment correlation coefficient. Multiple linear regression analysis was performed to determine whether plasma fibrinogen levels were associated with spirometric measures after adjustment for all other variables included in the model. Statistical significance was considered for two-sided *P* values \< 0.05. All statistical analyses were performed using JMP version 8 software (SAS Institute Inc., Cary, NC, USA).

Results
=======

Mean (SD) of the plasma fibrinogen level was 334.2 (70.8) mg/dL. There were no significant difference in the fibrinogen levels between men and women (men, 335.8 \[76.1\] mg/dL; women, 332.8 \[66.1\] mg/dL; P = 0.217).

Median (inter-quartile range) of the plasma fibrinogen level was 325 mg/dL (283-378 mg/dL) in men and 320 mg/dL (range, 287-371 mg/dL) in women. Table [1](#T1){ref-type="table"} shows the characteristics of subjects according to quartiles of fibrinogen. In both men and women, the mean age increased in accordance with the quartile increase in fibrinogen. The mean body mass index (BMI) of men decreased in the highest quartile, while the mean BMI of women increased in accordance with the quartile increase in fibrinogen. Compared with the lowest quartile, the BI of men increased in the highest quartile in men. Percentages of current smoker were not significantly different among these quartiles both men and women. Because the smoking rate in the Japanese population in 2005 was approximately 39.3% among males and 11.3% among females, the smoking rate in this study population seems to be lower than those of Japanese general population [@B21]. In men, the %FVC did not differ between the fibrinogen quartile ranges, but the %FEV~1~ and FEV~1~/FVC decreased in accordance with an increase in fibrinogen quartiles. In women, the %FVC and %FEV~1~ decreased in the highest quartile when compared with the values recorded for the third quartile, while the FEV~1~/FVC did not differ among fibrinogen quartiles.

Figure [1](#F1){ref-type="fig"} shows the relationship between plasma fibrinogen levels and spirometric measurements in men (Fig. [1](#F1){ref-type="fig"}A, C, and E) and women (Fig. [1](#F1){ref-type="fig"}B, D, and F). There were significant inverse relationships between plasma fibrinogen levels and spirometric measurements in men, but not in women. Table [2](#T2){ref-type="table"} shows the mean plasma fibrinogen levels according to spirometric classifications of normal, restrictive, obstructive, and mixed ventilatory disorders. The plasma level of fibrinogen was significantly higher in men with restrictive, obstructive, and mixed disorders than in those with normal spirometry values (Table [2](#T2){ref-type="table"}A). The fibrinogen levels in women differed significantly between groups, but a post hoc analysis did not reveal any significant differences in pair-wise comparisons (Table [2](#T2){ref-type="table"}B). Percentages of subjects whose baseline fibrinogen level was over cut-off point (fibrinogen ≥ 350) were also examined in each spirometric classification. In men, percentages of those subjects in restrictive, obstructive and mixed pulmonary disorder patterns were significantly higher than those in normal spirometry, but not in women (Table [2](#T2){ref-type="table"}A and B).

Plasma fibrinogen levels were significantly associated with age and BMI in both men and women and with BI in men (Table [1](#T1){ref-type="table"}). We investigated whether the associations between plasma fibrinogen and spirometric measurements were independent of age, BMI, and BI. In men, the plasma fibrinogen level was a significant determinant of %FVC and %FEV~1~, but it was not predictive for FEV~1~/FVC (Table [3](#T3){ref-type="table"}A). In women, the plasma fibrinogen level was not an independent predictor for spirometric measurements (Table [3](#T3){ref-type="table"}B).

In restrictive ventilatory disorders, %FEV~1~ is known to be decreased, and in an effort to avoid any potential effects of lung restriction on %FEV~1~, we performed a multiple linear regression analysis in which the data from male subjects with pure restrictive disorder were excluded. In that analysis, fibrinogen was still predictive for %FEV~1~ (Table [3](#T3){ref-type="table"}C).

Discussion
==========

The present study identified an inverse relationship between spirometric measurements (%FVC, %FEV~1~, and FEV~1~/FVC) and plasma fibrinogen levels in Japanese men who participated in an annual health checkup. The plasma fibrinogen levels were significantly higher in the subjects with restrictive, obstructive, and mixed ventilatory disorders than in those with normal spirometry values. Multiple linear regression analysis revealed that in men, plasma fibrinogen levels were predictive for %FVC and %FEV~1~ and independent of age, BMI, and BI, but not predictive for FEV~1~/FVC.

Plasma fibrinogen levels are gaining recognition as a biomarker for COPD [@B5]. Dahl et al. demonstrated an inverse relationship between plasma fibrinogen levels and %FEV~1~ in a Danish general population; they also showed that higher fibrinogen levels could be associated with a faster decline in lung function [@B10]. In 2 general populations in the United States, higher baseline levels of fibrinogen were associated with a higher incidence of COPD, COPD-related hospitalization, and all-cause mortality [@B11]. In the Third National Health and Nutrition Examination, plasma levels of fibrinogen were higher in COPD patients, and these levels were associated with a degree of airflow limitation, which is one of the parameters used to assess the severity of COPD [@B22]. Although plasma fibrinogen levels were not associated with the annual decline in FEV~1~ in COPD patients [@B23], a meta-analysis found that the plasma fibrinogen level was associated with death from COPD [@B24]. In addition, elevated levels of inflammatory biomarkers, including plasma fibrinogen, were associated with a risk of major comorbidities in COPD, including cardiovascular diseases, type II diabetes, lung cancer, and pneumonia [@B25]. Evidence for a role of plasma fibrinogen in patients with COPD and in the general population in Western countries is increasing. Therefore, it is thought that measuring plasma fibrinogen levels in cigarette smokers and patients with COPD is important, because it could indicate disease severity and comorbidities and assist in predicting the disease prognosis.

Although there is evidence for a relationship between plasma fibrinogen levels and pulmonary function in Western populations, a similar relationship has not yet been demonstrated in an Asian population. The results of this study show that the plasma fibrinogen level is associated with pulmonary function in Japanese men and that the plasma fibrinogen level could thus be a potent biomarker of COPD in Japanese men. This biomarker is particularly useful because it is easy and relatively cheap to use for measurement of plasma fibrinogen levels.

It is important to note that we did not identify a relationship between the plasma fibrinogen level and pulmonary function in Japanese women. The smoking rate among Japanese women is relatively low, and the prevalence of COPD amongst Japanese women is therefore lower than that in Japanese men [@B17]. The absence of an association between the plasma fibrinogen level and pulmonary function in Japanese women may well be related to the low prevalence of COPD among our female subjects.

Unlike previous reports [@B10], we could not show that baseline plasma fibrinogen levels are predictive of an annual decline in pulmonary functions in men (data not shown). We do not know the precise reason for this difference, and we speculate that it could be related to ethical differences or a lack of statistical power related to the number of male subjects in the second spirometry follow-up of the study (n = 147) [@B16]. Further studies may be required to ascertain whether plasma fibrinogen levels could be predictive of pulmonary function decline in Japanese individuals.

Fibrinogen is an acute phase protein in plasma, which converts thrombin into fibrin in the blood coagulation cascade [@B26]. A study that investigated single nucleotide polymorphisms (SNPs) of the fibrinogen beta chain-coding gene failed to demonstrate an association between SNPs or related phenotypes and the risk of COPD [@B27]. In addition, a genome-wide study with COPD patients reported that SNPs of fibrinogen-related genes are not associated with the development of COPD [@B28]-[@B34]. Therefore, elevated levels of fibrinogen in the subjects with impaired pulmonary function are likely a reflection of disease status rather than a causal factor. It is known that plasma levels of fibrinogen are elevated in inflammatory diseases [@B35],[@B36], and COPD is well recognized as a disease of systemic, chronic, and low-grade inflammation because inflammatory mediators spill over from the lungs into circulation [@B2]. Therefore, many of our study subjects with airflow limitations may well have had systemic, chronic, and low-grade inflammation. This inflammatory response likely resulted from the activation of the same inflammatory pathways that are activated in COPD and the direct toxic effect of cigarette smoking. This, in turn, could explain the elevation of plasma fibrinogen levels in our male subjects. The plasma fibrinogen levels in patients with exacerbated COPD were significantly higher than in those with stable COPD, and plasma fibrinogen levels could thus serve as a useful biomarker for the evaluation of exacerbated COPD [@B37].

In our study, the plasma fibrinogen level was significantly associated with the %FVC in Japanese men. The %FVC is a parameter for lung restriction, and fibrosing lung diseases (FLDs) are characterized by restrictive ventilatory disease. The prevalence of FLDs is low [@B38], and, to our knowledge, the relationship between FLD and plasma fibrinogen levels has not yet been reported, although some reports suggested that fibrinogen could have a significant role in the pathogenesis of FLD [@B6]-[@B9]. Not all subjects with restrictive ventilatory disorders in our study were thought to have FLDs. Nevertheless, our results suggest a significant role for fibrinogen in the restrictive ventilatory disorders.

The present study had several limitations, mainly because it was not a hospital-based study. Further, the lack of information regarding chest radiography findings, the final diagnosis, and consumed medication, which could have affected fibrinogen levels, might be potential limitations. Additionally, there is a possibility of sampling bias, because subjects could have participated in the present study because of their socioeconomic circumstances.

In conclusion, we found that the plasma fibrinogen level of Japanese men, but not women, is associated with the pulmonary functions %FEV~1~ and %FVC. Our findings suggest that plasma fibrinogen may be a potent biomarker for pulmonary dysfunction in Japanese men.
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![**Correlation between the plasma fibrinogen levels and the predicted percentage forced vital capacity (%FVC), predicted percentage forced expiratory volume in 1s (%FEV~1~), and the FEV~1~/ FVC.** The plasma fibrinogen levels of men are inversely correlated with the predicted percentage forced vital capacity (%FVC), predicted percentage forced expiratory volume in 1s (%FEV~1~), and FEV~1~/ FVC. The graphs show the relationships between spirometric measures and plasma levels of fibrinogen in men (A, C, and E) and women (B, D, and F). Correlations were evaluated using Pearson\'s product moment correlation coefficient. A statistically significant relationship was observed only in men (A, *r* = -0.10, *P* = 0.002; C, *r* = -0.12, *P* \< 0.0001; E, *r* = -0.09, *P* = 0.0004).](ijmsv10p1530g01){#F1}

###### 

Characteristics of the subjects according to the quartile range of fibrinogen.

  ---------------------- --------------- --------------- ------------------- -------------------- ----------
  **A. Men**                                                                                      

                         **Q1**\         **Q2**\         **Q3**\             **Q4**\              **P**
                         **(n = 373)**   **(n = 369)**   **(n = 375)**       **(n = 380)**        

  Age, year              58.9 (10.6)     61.7 (10.1)\*   64.7 (10.0)\*^\#^   65.9 (9.6)\*^\#^     \<0.0001

  BMI, kg/m^2^           23.6 (2.8)      23.7 (3.0)      23.7 (2.9)          23.0 (3.0)\*^\#¶^    0.0007

  BI, cigarette × year   370.5 (480.5)   446.9 (497.9)   425.6 (451.0)       524.2 (539.6)\*      0.0014

  Current smoker,%       31.1            33.2            36.0                38.8                 0.134

  %FVC                   98.4 (13.4)     98.1 (14.5)     96.9 (15.6)         95.7 (15.6)          0.0588

  %FEV~1~                97.7 (15.6)     96.7 (16.1)     95.1 (18.5)         92.6 (18.9) \*^\#^   0.0003

  FEV~1~/FVC, %          78.2 (7.6)      77.6 (7.9)      76.7 (9.6)          75.4 (9.9) \*^\#^    0.0001

                                                                                                  

  **B. Women**                                                                                    

                         **Q1**\         **Q2**\         **Q3**\             **Q4**\              **P**
                         **(n = 423)**   **(n = 386)**   **(n = 496)**       **(n = 437)**        

  Age, year              57.3 (10.7)     60.8 (10.0)\*   63.8 (9.5)\*^\#^    64.4 (9.4)\*^\#^     \<0.0001

  BMI, kg/m^2^           22.9 (3.3)      23.4 (3.3)      23.7 (3.3)\*        23.9 (3.5)\*^\#^     \<0.0001

  BI, cigarette × year   20.6 (88.8)     15.0 (83.7)     15.8 (77.5)         18.2 (108.0)         0.8195

  Current smoker,%       7.8             4.4             5.4                 5.1                  0.165

  %FVC                   99.7 (13.2)     100.1 (13.4)    101.1 (15.2)        98.3 (14.9)^¶^       0.0285

  %FEV~1~                99.3 (14.3)     99.8 (14.5)     101.2 (15.7)        98.3 (16.8)^¶^       0.0413

  FEV~1~/FVC, %          80.2 (6.1)      80.0 (6.5)      79.9 (6.2)          79.8 (7.2)           0.7331
  ---------------------- --------------- --------------- ------------------- -------------------- ----------

Men: Q1 (fibrinogen, \<283 mg/dL); Q2 (fibrinogen, ≥283-\<325); Q3 (fibrinogen, ≥325-\<378); Q4 (fibrinogen, ≥378)

Women: Q1 (fibrinogen, \<287); Q2 (fibrinogen, ≥287-\<320); Q3 (fibrinogen, ≥320-\<371); Q4 (fibrinogen, ≥371)

\*: P \< 0.05 vs Q1, ^\#^: P \< 0.05 vs Q2, ^¶^: P \< 0.05 vs Q3

Values are means (SD) or percentage. Differences among each quartile were evaluated by one-way analysis of variance followed by Tukey\'s method or chi-square test.

BMI, body mass index; BI, Brinkman index; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 s

###### 

Mean fibrinogen concentration relative to the type of spirometric disorder

  ------------------------------------------------------------------------------------------------------
  A. Men                                                                                      
  --------------------- -------------- ------------------ ------------------ ---------------- ----------
                        **Normal**\    **Restrictive**\   **Obstructive**\   **Mixed**\       **P**
                        (n = 1162)     (n = 96)           (n = 184)          (n = 55)         

  Fibrinogen (mg/dL)    330.9 (72.9)   356.4 (97.0)\*     348.5 (76.3)\*     360.2 (83.2)\*   \<0.0001

  Fibrinogen ≥ 350, %   36.4           45.3               50.0               47.3             0.001

                                                                                              

  **B. Women**                                                                                

                        **Normal**\    **Restrictive**\   **Obstructive**\   **Mixed**\       **P**
                        (n = 1545)     (n = 99)           (n = 80)           (n = 18)         

  Fibrinogen (mg/dL)    330.2 (64.7)   343.4 (68.3)       347.0 (81.4)       365.2 (61.8)     0.005

  Fibrinogen ≥ 350, %   36.4           41.4               46.3               50.0             0.155
  ------------------------------------------------------------------------------------------------------

Fibrinogen concentrations were not available in 383 men and 387 women.

Values are presented as mean (SD) or percentage. Differences among each group were evaluated by one-way analysis of variance followed by Tukey\'s method or chi-square test.

\*: P \< 0.05 vs normal group

###### 

Multiple linear regression analysis of the relationship between plasma fibrinogen and the predicted percentage forced vital capacity (%FVC), predicted percentage forced expiratory flow in 1 s (%FEV~1~), and FEV~1~/FVC

  A. Men                                                                                                 
  --------------------------------------------------------------------------- ----------------- -------- -------
                                                                              **Coefficient**   **SD**   **P**
  %FVC                                                                        -0.016            0.006    0.005
  %FEV~1~                                                                     -0.018            0.006    0.007
  FEV~1~/FVC                                                                  -0.001            0.003    0.757
                                                                                                         
  **B. Women**                                                                                           
                                                                              **Coefficient**   **SD**   **P**
  %FVC                                                                        -0.007            0.005    0.229
  %FEV1                                                                       -0.007            0.006    0.213
  FEV1/FVC                                                                    -0.0002           0.002    0.916
                                                                                                         
  **C. Men (except for those with a pure restrictive spirometric pattern)**                              
                                                                              **Coefficient**   **SD**   **P**
  %FEV1                                                                       -0.018            0.007    0.007

Fibrinogen values were adjusted for age, body mass index, and Brinkman index.

SD, standard deviation
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